The opinion in support of the decision being
entered today was not witten for publication
and i s not binding precedent of the Board.
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HEARD: January 17, 2002

Bef ore KRASS, BARRETT, and BARRY, Adm nistrative Patent Judges.
BARRETT, Adninistrative Patent Judge.

DECI SI ON ON APPEAL

This is a decision on appeal under 35 U.S.C. 8 134 fromthe
final rejection of clains 1-6.

We reverse.

! Application for patent filed Cctober 20, 1997, entitled
"Simul ati on Method of Sputtering,” which clains the foreign
filing priority benefit under 35 U . S.C. § 119 of Japanese
Application 277752, filed Cctober 21, 1996.
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BACKGROUND

The di sclosed invention relates to a nmethod of sinulating a
sputtering process. |In Appellant's former sinmulation nethod,
described in connection with Fig. 1, the polar angular
distribution of extracted sputtered particles froma target
(i.e., atons ejected fromthe surface further than a cut-off
di stance) is cal cul ated using the nol ecul ar dynam cs (MD) nethod
for N particles, where Nis [imted to 100-200 because of
calculation tinme (step P1). Then the angul ar distribution of
ejection is read out (step P2) and used to calculate a track of
the sputtered particle by nmeans of the Monte Carlo (MO nethod,
and the sputtered particles which arrive at a specific region on
a wafer are extracted (step S5). The shape of the region where
the particles actually arrive is then calculated (step S6).

The problemwith this forner method is that the sanpling
errors in directional components of the possible tracks of the
sputtered particles depend on the nunber of ejection angle
data N. Because Nis as small as 100-200, the random numnber
error can be large. It is advantageous to make the nunber of
ej ection angle data N as great as possible in order to mnimze
the sanpling error, but the nunmber N needs to be kept small
because of the limtation in NMD cal culation tine.

The invention creates a |l arger nunber of ejection angle

data fromthe cal cul ated ejection angle data N. The cal cul at ed
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ejection angle data Nis used to calculate a continuous vertical
distribution function F(6) shown in Fig. 3A. Then, sets of two-
di nensi onal uniform random nunbers are used to sinulate an
ejection. The first random nunber designates a value of the
vertical angle 6 and the second random nunber represents a val ue
of the function F(6); these random nunbers are plotted as the
point Ain Fig. 3A. The sets that fall inside the shaded area
are accepted as events of ejection that are likely to occur at
angles of 6 indicated by the first random nunbers. The
hori zontal angle ¢ is assunmed to be a uni formrandom nunber
Tracks of sputtered particles are cal cul ated using the val ues of
the vertical angles and horizontal angles determ ned using the
uni form random nunbers. Using the distribution function F( 6)
requires nmuch | ess cal culation than the MD net hod.
Claiml is reproduced bel ow
1. A nethod of sinmulating a sputtering process,
wherein an ejected direction of a particle froma target is
desi gnated in polar coordinates (6,¢9), a vertical angle ©
denoting an angle of said ejected direction with respect to
a z-axis that is defined at an incident point of a
bonmbar di ng particle on a surface plane of said target and is
directed perpendicularly to said surface plane of said
target and a horizontal angle ¢ denoting an angle of an
intersection line with respect to an x-axis, an xy-pl ane
bei ng said surface plane of the target, x-axis being an
arbitrarily defined axis on said xy-plane, and said
intersection line being an intersection of a plane that
i ncludes both said z-axis and said ejected direction with
sai d xy-plane, conprising:

a first step of calculating a direction-dependent
distribution of ejected particles fromsaid target;
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a second step of dividing a range of said vertica
angle 6 into sections of an equal interval, counting a
nunber of the ejected particles for every section of said
vertical angle 6, and calculating a vertical distribution
function by interpolating the counted nunbers of the ejected
particles as a function of said vertical angle 6,

a third step of determ ning values of said vertica
angle 6 likely to enmerge in a random process of a particle
ejection fromsaid target using said vertical distribution
function as a criterion to judge whether the particle
ejection at said vertical angle 6 is to be accepted as
likely to occur or to be rejected as unlikely to occur,

a fourth step of determ ning values of said horizonta
angle ¢ likely to enmerge in a random process of a particle
ejection fromsaid target, and

a fifth step of calculating tracks of sputtered
particles in a sputtering arrangenent using the val ues of
said vertical angles and said horizontal angles determ ned
by the third step and the fourth step in accordance with the
Monte Carl o met hod.

The Exanminer relies on the following prior art: 2

Yamada et al. (Yamada), A Sputter Equi pnent Sinulation
System I ncludi ng Ml ecul ar Dynam cal Target Atom Scattering
Model , 1EEE Proc. of Int'l Elec. Devices Mg., Washington,
DC, Dec. 10-13, 1995, pp. 93-96 (nunbered as 4.5.1-4.5.4 in
the reprint copy).

Clainms 1-6 stand rejected under 35 U S.C. 8§ 101 as being
directed to nonstatutory subject matter as an al gorithm
Clains 1-6 stand rejected under 35 U S.C. § 112, second

paragraph, as indefinite for failing to particularly point out

2 In the examiner's answer, the Examiner cites suppl enental

prior art in response to Appellant's argunments. This prior art
is not part of the art rejection. W find it unnecessary to rely
on this supplenental prior art in any way; thus, it will not be
listed or discussed.
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and distinctly claimthe subject matter which Appellant regards
as his invention.

Clains 1-6 stand rejected under 35 U.S.C. § 102(a) as being
antici pated by Yanmada.

We refer to the final rejection (Paper No. 8) (pages
referred to as "FR_") and the exami ner's answer (Paper No. 17)
(pages referred to as "EA_ ") for a statement of the exam ner's
position and to the brief (Paper No. 14) (pages referred to as
"Br__") and the reply brief (Paper No. 18) (pages referred to as

"RBr__") for a statenent of Appellant's argunents thereagainst.

GPI NI ON

g

In Fig. 2 of Appellant's drawi ngs, step S42 within step $4

shoul d read "Determ ne Horizontal angle.”

G oupi ng of clains

The Exam ner states that the clainms stand or fall together
because there is only one independent clai mand because Appel | ant
has argued throughout the prosecution as though the clains stand
or fall together (EA3).

Appel l ant notes that clains 2-6 were argued separately in
the brief in connection with the § 103(a) rejection (RBr2).

Regar dl ess of how clains are argued during prosecution, (and

we will not investigate this), Appellant has the right to argue
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the clains separately on appeal. Appellant stated that the
clainms in the group do not stand or fall together (Br4) and
argued the clains separately in the anticipation rejection
(Br9-10). The Exam ner shoul d have addressed the dependent
clainms in connection with the anticipation rejection. However,
since we reverse the rejection of claim1, the rejection of the
dependent clains is also reversed. Thus, it is not necessary to

remand for further action by the Exam ner.

35 US.C § 101

The Examiner's sole reasoning is that the clains are
directed to an algorithm specifically, a sputtering sinulation
al gorithmand that no application of the invention is clained
(EA4). The Exam ner states that the substitute specification
di scl oses the need and use for the sinulation results and that
i ncorporation of the use may overcone the 8 101 rejection (EA6).

Appel | ant argues that any step-by-step process involves an
"algorithm in the broad sense of the term(Br5). It is argued
that the 8 101 proscription, to the sense it still exists, is
narromy limted to mathematical algorithns in the abstract
(Br5). Appellant argues that the present clains recite a process
having a practical application and producing a useful, concrete,

and tangible result and is statutory subject matter (Brb5).
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W interpret the Exam ner's reference to "algorithm to
refer to "mathematical algorithns.” The exception to § 101
applies only to mathemati cal algorithnms since any process is an
"algorithm' in the sense that it is a step-by-step procedure to

arrive at a given result. See In re Walter, 618 F.2d 758,

764 n. 4, 205 USPQ 397, 405 n.4 (CCPA 1980). "[T]he
judicially-defined proscription against patenting of a

"mat hematical algorithm' to the extent such a proscription still
exists, is narromy limted to mathematical algorithns in the

abstract." AT&T v. Excel Communications, Inc., 172 F.3d 1352,

1356, 50 USPQ2d 1447, 1450 (Fed. Gir. 1999) (citing State St.

Bank & Trust Co. v. Signature Fin. Goup, Inc., 149 F.3d 1368,

1374-75, 47 USPQRd 1596, 1602 (Fed. Cir. 1998)). The key to
statutory subject matter is whether the clained subject matter is
applied in a "useful way" or directed to a "practi cal
application,”™ which the Federal Circuit has said requires "a
useful, concrete and tangible result.” State St., 149 F.3d at
1375, 47 USPQ2d at 1602. It is not required that there be a
"physical transformation” or conversion of subject matter from
one state into another for there to be statutory subject matter.
AT&T, 172 F.3d at 1358-59, 50 USPQ2d at 1452-53.

Al t hough the steps of claim1 involve mat hemati cal
cal cul ati ons, the subject matter of claim1l1l is not directed to a

mat hemati cal al gorithm per se (i.e., a mathematical in the
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abstract) because it is directed to calculation of real world,
physi cal phenonena: "cal culating tracks of sputtered particles in
a sputtering arrangenent” (fifth step of claim1l). This, we
conclude, is a "practical application"” because it produces a

"useful, concrete and tangible result,” the tracks of the
sputtered particles, not a nere nunber. That the cal cul ated
tracks of the sputtered particles are not further applied to

cal cul ate the shape of the area where the particles are deposited
does not make the nethod any | ess physical or useful. W
conclude that clains 1-6 are directed to statutory subject matter
as a process under 35 U.S.C. 8 101. The rejection of clainms 1-6

under 8 101 is reversed.

35 U.S.C. 8 112, second paragraph

The Exam ner stated that "ejected direction of a particle”
inclaimlis grammatically incorrect (Paper No. 4, p. 4) and
shoul d be replaced with "direction of an ejected particle"” (FR3).

Appel | ant argues that the | anguage is specific and definite
and easier to refer to than to designate "direction of ejected
particle,"” "direction of incident ion," etc. (Br5-6).

The Exam ner states that "ejected direction of a particle”
inclaimlis grammatically incorrect because "ejected" is a
verb, not a noun, and the "direction” is not being ejected (EA6).

The Exam ner finds the phrase anbi guous (EA6).
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Appel lant replies that "ejected” is an adjective nodifying
the noun "direction" (RBr2). It is further argued that although
t he Exam ner clains the phrase is anbi guous, the Exanmi ner appears
to have a conpl ete understandi ng of what the term nmeans (RBr2).
Wiile we do not profess to be granmar experts, we do know
that the word "ejected” is a past participle used as an
adj ectival (a word or group of words which functions as an
adj ective) to nodify the noun phrase "direction of the particle,"”
and it is not being used as a verb as stated by the Exam ner.
It seens to us that noun phrase "direction of a particle" is
nerely another way to say "particle direction"” and that the
"ejected direction of a particle"” is just another way to say
"ejected particle direction" and is not wong or indefinite.
Al t hough the Exam ner states that the phrase "ejected direction
of a particle" is anbiguous, he does not explain what two or nore
interpretations are possible. W conclude that claim1 satisfies
the definiteness requirenments of 35 U.S.C. 8§ 112, second
par agraph. The rejection of clainms 1-6 under 8§ 112, second

par agraph, is reversed.

35 U.S.C._§ 102(a)

The sinplest and nost direct way to show anticipation is to
expl ain where each claimlimtation is found, either expressly or

by principles of inherency, in the reference. This correlation
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has not been attenpted by the Exam ner even though claim1l is not
t hat conplicated. Appellant argues that the Exam ner has used
| anguage and made findings that are nore appropriate to an
obvi ousness rejection (Br7). 1In response, the Exam ner has spent
considerable tine and effort discussing the argunments in
Appellant's brief. General discussions of Monte Carl o techni ques
and what was known in the art are of no help to us in addressing
the specifics of claim1l. Therefore, we nake our own findings
regardi ng the anticipation rejection over Yanada.

We find that Yamada is essentially directed to the admtted
prior art of Appellant's Fig. 1, wherein ejection angle
di stribution values cal cul ated using MD techni ques are used to
calculate atomtrajectories using the MC nethod. Yanada does not
teach the second, third, fourth, and fifth steps of claim1l.

The characteristic feature of Appellant's invention is
calculating (in a particular way) a continuous vertical
di stribution function froma cal cul ated directi on-dependent
distribution of ejected particles (second step). Then the
distribution function is used to determne a value of the
vertical angle 6 likely to enmerge in a random process of a
particle ejection (third step) and a val ue of a horizontal
angle ¢ likely to enmerge in a random process of a particle

ejection is determined (fourth step). Last is the step of
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cal cul ating tracks of sputtered particles using the val ues
determned fromthe third and fourth steps (fifth step).

Wi | e Yamada di scl oses a continuous vertical distribution
function in Fig. 5, there is no description that it was obtained
using the nethod in the second step of claiml ("dividing a
range ..."). There is no description of using the vertica
distribution function to determ ne values of the vertical angle ©
as recited in the third step. It is clear that the ejection
angl es used in the MC nethod in Yanada are cal cul ated using MD
techni ques (p. 4.5.2), which the Exam ner appears to recognize
(EA11), not fromthe vertical distribution function using uniform
random nunbers. Further, there is no description of determn ning
t he value of a horizontal angle ¢ likely to energe in a random
process of a particle ejection as recited in the fourth step.
Again, it is clear that the ejection angles used in the MC nethod
are cal cul ated using MD techni ques and are not based on the
assunption that the values of the horizontal angle ¢ energe in an
equal probability which can be designated by uniform random
nunbers. Because Yanmada does not disclose the second, third, or
fourth steps, it manifestly does not disclose the fifth step
which relies on the third and fourth steps. Accordingly, the
Exam ner's finding of anticipation is clearly erroneous. The

rejection of clainms 1-6 under 8 102(a) is reversed.
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CONCLUSI ON

The rejections of clains 1-6 are reversed.

REVERSED

ERROL A. KRASS
Adm ni strative Patent Judge

BOARD OF PATENT

LEE E. BARRETT APPEALS
Adm ni strative Patent Judge AND
| NTERFERENCES

LANCE LEONARD BARRY
Adm ni strative Patent Judge
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